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Abstract
The lepton-charge ( L
e
 L

 L

) nonconserving interaction leads to the mixing of the electron, muon and tau neutrinos, which
manifests itself in spatial oscillations of a neutrino beam, and also to the mixing of the electron, negative muon and tau lepton,
which, in particular, may be the cause of the “forbidden” radiative decay of the negative muon into the electron and  quantum.
Under the assumption that the nondiagonal elements of the mass matrices for neutrinos and ordinary leptons, connected with the
lepton charge nonconservation, are the same, and by performing the joint analysis of the experimental data on neutrino oscillations
and experimental restriction for the probability of the decay     e     per unit time, the following estimate for the lower
bound of neutrino mass has been obtained: m     eV
c

.
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1. Mass matrix and neutrino states with the deﬁnite
masses
Taking into account the CP invariance ( T invari-
ance ), the mass matrix for the neutrino family should be
symmetric and, due to hermiticity, real. It has the stan-
dard 3-row structure with the diagonal elements repre-
senting the masses of electron neutrino, muon neutrino
and tau neutrino, whereas the nondiagonal elements
( m  
e
  m
  
e
 m
  
e
  m
  
e
 m
  

  m
  

) charac-
terize the degree of lepton charge nonconservation. In
doing so, the states with the definite lepton charge (“fla-
vor”) j 
e
i j 

i j 

i are connected with the station-
ary states j 

i j 

i j 

i, being related with the defi-
nite masses m

m

m

, by the unitary transformation
and the respective unitary matrix  U is real. Thus, the
states with the definite lepton charge represent the co-
herent superpositions of stationary states, and vice versa
– with the same coefficients ( see [1] ) .
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As a result, all the nondiagonal elements of the mass
matrix can be expressed through the differences of
masses of neutrino stationary states and the elements
of the unitary matrix  U ( the detailed consideration for
m
e
is given in [1] ) . Finally, using the represen-
tation of the mixing angles for the neutrino stationary
states – which are formally analogous to the Maiani an-
gles introduced for the description of mixing of “lower”
quarks d , s and b [2–5] – and assuming the masses of all
the three stationary neutrinos to be approximately equal
to each other [1], we obtain the following formula for
m
  
e
[1] ( here m   is the common neutrino mass ) :
m
  
e

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2. States of charged leptons with the deﬁnite masses
Taking into account the lepton-charge nonconserving
interaction, the mass matrix for the family of leptons
is quite analogous to that for the neutrino family – its
diagonal elements are equal to the masses of electron,
negative muon and    lepton (M
e
 M

 M

), where-
as all the nondiagonal elements (M
e
  M
e
 M
e
 
M
e
M

  M

), being responsible for the lepton
charge nonconservation, are negligibly small as com-
pared with the electron mass M
e
and, all the more,
as compared with all the differences of lepton masses
 M

M
e
  M

M
e
  M

M

. Just the same
mass matrix corresponds to the family of antileptons,
including the positron, positive muon and     lepton .
Within the perturbation-theoryfirst-order approxima-
tion, the stationary states of leptons, related with defi-
nite masses, are the superpositions of states with differ-
ent lepton charges L
e
 L

 L

[1] :
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In Eq. (2), the symbols j i
e
and j   i
e
denote the
“muonic” (L

 ) and “tau-leptonic” (L

 )
states included into the stationary superposition with
the electron mass M
e
, the symbols j e i

 j   i

denote
the “electronic” (L
e
 ) and “tau-leptonic” (L

 )
states included into the stationary superpositionwith the
muon mass M

, and the symbols j e i

 j i

denote
the “electronic” (L
e
 ) and “muonic” (L

 ) states
included into the stationary superposition with the tau-
lepton mass M

.
The masses of stationary states, marked in Eq. (2) by
prime, practically coincide with the masses of leptons ;
meantime, all the mixing coefficients in Eq. (2) are very
small, and they are expressed through the ratios of non-
diagonal elements of the mass matrix to the differences
of masses of respective leptons. Indeed, neglecting the
second-order terms over the lepton-charge nonconserv-
ing interaction, we find [1] :
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3. Probability of the decay      e     and esti-
mate of the lower bound of neutrino mass
Now let us estimate the probabilityof the “forbidden”
radiative decay    e    per unit time, assuming
that this decay occurs on account of “admixture” of the
state j e i

with the electronic lepton number L
e
 
( “heavy electron” ) to the state of negative muon ( see
Eq. (2) ). We may write :
W  
 
 e
 
   j 
e
j

W  j e i

 e
 
  (4)
where 
e
is the mixing coefficient included in the sec-
ond formula in Eq. (2) .
Meantime, the probability of radiative decay of the
“heavy electron” j e i

per unit time may be calculated
applying the standard guidelines of quantum electrody-
namics [6] ( see the detailed analysis in [1] ). Finally,
we arrive at the following relation [1] :
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For our estimates, we will firstly use the data from
the review [7]. According to the experimental data on
muon decay [7],
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whereW     e 	
e


 is the probability of stan-
dard muon decay into the electron, electron antineutrino
and muon neutrino per unit time, practically coinciding
with the inverse lifetime of the muon t 

:
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 
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
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  

sec
 

Thus, we obtain :
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Taking into account Eqs. (4) and (5), this means that
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Further, let us suppose that the mixing of ordi-
nary leptons ( e   ) and the mixing of neutrinos
( 
e
 

 

) are conditioned by the same lepton-charge
nonconserving interaction. Under this natural assump-
tion, the nondiagonal elements of mass matrices for the
lepton family and for neutrinos should coincide :
M
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 
e
 M
e
  m
 
e
 M

  m
 

. Then, using
Eq. (1) for m 
e
and Eq. (7), we obtain the following
inequality for the neutrino mass m  [1] :
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According to the experimental data on neutrino oscil-
lations [7] ,
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Let us take firstly in Eq. (8), respectively,
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Then we find [1] :
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This value for the lower bound of neutrino mass is in
accordance with the upper limit of antineutrino mass
( m    eV
c

[8], m    eV
c

[9] ), deter-
mined within the study of electron spectrum in the tri-
tium 
-decay ( see also [7] ) .
Meantime, if jM
e
j   jm
 
e
j , then the value for
the lower bound of neutrino mass would change : in this
case – using the above set of parameters – we obtain :
m
 
	 	 j  j
eV
c

, where   
M
e
m
 
e
is the ratio of
nondiagonal elements of the mass matrices for leptons
and neutrinos .
Under the choice of another set of parameters in
Eq. (8) – taking into account the latest data on the
nonzero neutrino mixing angle 

:
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– we would obtain the estimate :
m
 
	  j 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
, which may be in accor-
dance with the presently known upper limit of neutrino
mass only at the ratios of moduli of matrix elements
j  j  
 
 
 
M
e
m
 
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 
 
 
 
  .
Finally, let us emphasize that the further substantial
reduction of the upper limit of the decay probability per
unit time W  e as compared with (6) ( data of
[7]) – which is confirmed now by the latest experimen-
tal results of the MEG Collaboration ( new upper limit
of the branching ratio Br e      ) –
will surely imply that the parameter j  j  , irrespec-
tive of the value of neutrino mixing angle 

. Thus,
the lepton-charge nonconserving interaction for charged
leptons is in fact, most likely, considerably weaker than
the analogous interaction for neutrinos .
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